Partial atlE sequencing (atlE nucleotides 2782 to 3114 [atlE 2782-3114 ]) was performed in 41 Staphylococcus epidermidis isolates from prosthetic joint infections (PJIs) and 44 isolates from skin as controls. The atlE 2782-3114 allele 1 (type strain sequence) was significantly more frequent in PJI strains (38/41 versus 29/44 in controls; P ‫؍‬ 0.0023). Most PJI strains were positive for mecA, icaA/icaD, and IS256, and most belonged to the sequence type 27 subgroup, suggesting the involvement of few related clones.
Prosthetic joint infections (PJIs) are a major public health issue worldwide, resulting in high rates of morbidity and massive economic burdens. In France, approximately 100,000 hip replacements and 50,000 knee replacements are performed each year (http://stats.atih.sante.fr), and about 1 to 2% of hip prostheses and 0.5% of knee prostheses get infected (25) . Staphylococcus epidermidis is a leading causative agent in most series described in Western countries, with an estimate of 15 to 40% of PJIs involving this species (13) .
The role of S. epidermidis in PJIs, and more generally in device-related infections, may be a consequence of its unique capacity to adhere to and to form biofilms at the surface of implanted medical devices (32) . A number of bacterial factors have been implicated in this multistep process, including the autolysin/adhesin AtlE (10, 27) , fibronectin-binding proteins (9) , and the ica locus-encoded polysaccharide intercellular adhesin (14, 22, 27) . Work based upon multilocus sequence typing (MLST) analysis has shown that human S. epidermidis infections involve few clones, mostly sequence type 27 (ST27) and related STs (12, 35, 37) . These clones are characterized by multidrug resistance to antibiotics, notably oxacillin and gentamicin, and the presence of the insertion sequence IS256 and the ica operon in their genome (12, 37) .
AtlE, encoded by the atlE gene, is a bifunctional autolysin with an N-terminal alanine amidase domain, a central cell wall-anchoring (CWA) domain, and a C-terminal glucosaminidase domain. Like other CWA domains of gram-positive autolysins able to mediate bacterial adhesion (15) , the CWA domain of AtlE has adhesive properties and is probably involved in the interaction between staphylococcal cells and biomaterial (4, 10). We recently studied allelic polymorphism of the CWA domain of AtlE in collection S. epidermidis strains and showed a clear relationship between AtlE CWA alleles and STs (30) . Here, we report the partial sequencing of atlE in PJI strains prospectively collected in two orthopedic reference centers over a 4-year period. The sequence results were correlated with the findings of MLST analysis and the presence of relevant pathogenicity and resistance markers.
The strains studied were identified by gram staining, catalase tests, slide agglutination tests, tube coagulase tests, and partial sodA sequence analysis, as previously described (24, 29) . DNA was prepared from bacteria grown on sheep blood agar at 37°C for 18 h under aerobic conditions. Colonies were scraped from the plates and resuspended in sterile distilled water (McFarland standard no. 5). DNA was extracted by boiling or with the DNeasy tissue kit (Qiagen SA, Courtaboeuf, France), as recently described (29) . Amplification of the atlE segment from nucleotides (nt) 2731 to 3195 (GenBank accession no. U71377, region 2620 to 6627 coding sequence) was performed with primers F23 (5Ј-CGTACTCAAGGTAATAACAC-3Ј) and R23 (5Ј-TTGCTTAATGACTGTGAAAGT-3Ј) (30) . Sequencing of the atlE segment from nt 2782 to 3114 (atlE 2782-3114 ) was performed with the same primers. The mecA, icaA, and icaD genes and IS256 were detected by PCR as described previously (2, 8, 18) . MLST was performed by determining partial nucleotide sequences of seven housekeeping genes: arcC (carbamate kinase), aroE (shikimate 5-dehydrogenase), glpK (glycerol kinase), gmk (guanylate kinase), pta (phosphate acetyltransferase), tpiA (triosephosphate isomerase), and yqi (acetyl coenzyme A acetyltransferase) (35) . Sequences were compared with the sequences of known alleles for each locus in the MLST database (http://www.mlst.net)-to which new alleles and STs were added-and the resulting seven-digit profiles, defining STs, were used to interrogate the database for matches. Phylogenetic analyses were conducted in MEGA4 (31) . The most likely patterns of evolutionary relationships between our S. epidermidis isolates were evaluated by BURST analysis with START2 software (11) . To identify groups of related STs, we used a stringent definition: all members assigned to the same group share identical alleles with at least one other member of the group at six of the seven MLST loci. All STs in a BURST group could then be assigned to a single clonal complex; STs with at least two assigned descendant single-locus variants were defined as subgroup founders. Fisher's exact test (K. J. Preacher and N. E. Briggs, software for calculation for Fisher's exact test for 2-by-2 tables, 2001) was used to compare values, and P values of Ͻ0.05 were considered to be statistically significant.
We recently determined the sequence of the entire CWA domain of the atlE gene (atlE CWA ; atlE 1546-3045 ) in 27 clinical strains (PJIs; n ϭ 5), 22 (30) . In the present study, we chose to sequence, with only one pair of primers (instead of six primers for atlE CWA ), a shorter, polymorphic fragment, the atlE 2782-3114 fragment, which encompasses the C-terminal half of the CWA R3 repeat and the N terminus of the glucosaminidase domain. With the same set of 49 strains described previously (30) , atlE 2782-3114 sequencing identified 10 alleles (GenBank accession no. FJ009419 to FJ009428), also distributed into two main groups: group 1 (alleles 1, 3, 4, 5, 6, and 7) and group 2 (alleles 2, 8, 9, and 10); as for atlE CWA alleles (30), the atlE 2782-3114 type strain sequence was arbitrarily designated allele 1. Figure 1 shows (30) , there was a clear relationship between the atlE 2782-3114 allele and ST: most notably, strains from ST27 (n ϭ 5) and related clones (ST28 and ST10015) (n ϭ 3) carried allele 1 (Fig. 1) .
The atlE 2782-3114 sequence was then determined in 41 PJI strains (39 subjects) and 44 skin controls (40 subjects). Five of the 41 PJI strains (28, 30) and 22 of the 44 skin controls (30) have been described in previous studies. PJI strains included all S. epidermidis strains recovered from cases of PJIs between January 1999 and December 2002 in two reference centers for the management of bone and joint infections: one in France (Orthopedic Department, Raymond Poincaré hospital, Garches) and one in Switzerland (Orthopedic Clinic, University Hospital of Geneva). Only cases involving S. epidermidis alone (monospecific PJIs) were included in the study. A PJI strain was defined as a strain recovered from Ն3 distinct preoperative samples, according to the recommendations of the OSIRIS (Oxford Skeletal Infection Research and Intervention Service) group (3). S. epidermidis isolates recovered from multiple samples in the same procedure were deemed the same strain if they had the same colonial morphology and an identical antibiotic susceptibility pattern (3). Skin controls comprised 22 strains from 20 healthy individuals, 11 strains isolated from 10 patients on hospital admission for aseptic orthopedic surgery, FIG. 1. Genetic relatedness between atlE 2782-3114 alleles. The evolutionary relationships were inferred using the neighbor-joining method. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) are shown next to the branches. The evolutionary distances were computed using the Nei-Gojobori method and are in units representing the number of synonymous differences per sequence. Tree branch lengths are drawn to scale. Numbers of strains are given in parentheses, atlE CWA alleles are given in brackets (30) , and STs are given in braces. 6 strains from 6 hospitalized patients undergoing antimicrobial chemotherapy, and 5 strains from 4 surgeons.
A fragment of the expected size was amplified in all PJI and control strains studied by atlE primers F23 and R23, confirming the systematic presence of atlE in S. epidermidis (30) . Of the 10 atlE 2782-3114 alleles identified above (Fig. 1 Table 1) . The markers mecA, ica, and IS256 were also significantly more prevalent among PJI strains than skin controls (respective P values of Ͻ10 Ϫ6 , Ͻ10 Ϫ3 , and Ͻ10 Ϫ4 ) ( Table 1) . These results were consistent with MLST analysis (Tables 1 and 2 ): a majority of PJI strains belonged to an ST27-related subgroup of STs within the major clonal complex (22/41 [53.7%] versus 4/44 [9.1%] skin controls; P Ͻ 10 Ϫ5 ). Overall, strains belonging to ST27 or related STs (n ϭ 26) were more likely than other strains (n ϭ 59) to express the following markers: atlE 2782-3114 allele 1 (100 versus 69%; P ϭ 0.00053), mecA (96 versus 42%; P Ͻ 10 Ϫ6 ), ica (96 versus 22%; P Ͻ 10 Ϫ8 ), and IS256 (88 versus 8%; P Ͻ 10 Ϫ8 ). Several recent studies illustrate the growing contribution of ST27 and related clones to human disease (12, 35) . These clones display several factors essential for the pathogenic potential of S. epidermidis (e.g., ica): its genetic flexibility (e.g., IS256) and its resistance to antibiotics (e.g., mecA, gentamicin resistance) (12, 37) . These factors seem to have been progressively selected over the last few decades. However, to the best of our knowledge, this is the first study demonstrating the involvement of these clones in PJIs: over 50% of our strains isolated from PJIs belonged to ST27 or related clones. This value is similar to findings for other types of infection (12, 16, 35) . Our findings are also consistent with previous studies reporting that many PJI strains are ica positive, IS256 positive, and oxacillin resistant (7, 17, 26, 36) . The high prevalence of mecA among our S. epidermidis strains (more than 85%) is significant: it leads to glycopeptides being increasingly frequently used for treatment, and as multiresistant clones are already circulating, there is a risk of selection of strains with decreased susceptibility to glycopeptides, as has been described for other types of infection (1) .
Partial sequencing of atlE confirm the existence of two major lineages among S. epidermidis strains (30), as previously found by pulsed-field gel electrophoresis analysis of isolates from Brazil (21), Italy (5), Sweden (23) , and France (20) . During preliminary comparisons of PJI and control strains, we felt that allele 1 (i.e., the type strain sequence) was a potential marker of infectious strains. However, although almost all our PJI strains carry allele 1, it is also present in almost two-thirds of the control strains. Consequently, allele 1 cannot be used as a marker of infectious strains as it is present in a large proportion of strains constituting the skin flora (and therefore has a low positive predictive value). Nevertheless, its absence may serve as a sign of noninfection (high negative predictive value). It is also possible that the level of expression of AtlE, rather than the allele, is important, and consequently, its expression could be used as a marker. Indeed, about one-third of PJI strains may have a nonfunctional agr system (34), which may result in increasing AtlE expression (33) . A study to investigate this issue would therefore be useful. The most discriminating marker among those we tested was mecA. Like others (6, 19, 26) , we did not detect ica in about one-third of PJI strains, precluding its use as a practical pathogenicity marker and suggesting that other factors (for example, Aap) may play an important role in biofilm production and pathogenesis (26) . Further prospective investigations will be required to assess the value of these markers, alone or in combination. 
